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Reuse groups for scan monitoring in digital cellular systems. 



■P) An improved TDMA radiotelecnone cellular com- 
munication system (122. 115. 1S9) employs an im- 
proved cell site scan menitorijf^technique. The 
technique includes monitorjng radiotelephone calls, 
and tracking ana recording their signal qualities. The 
recorcs are used to maintain and determine which 
frecuencies and which time partitions at the base 
site equipment (115. 119) are being utilized for 
racicteiephcne communication. When a new call as- 
signment is required at a cell site 015 cr 119). it is 
assigned to a ume partition of a base site equipment 
frequency in a frequency prioritized manner such 
CN that racioteieohcne cails are concentrated within 
^eacn frecuency so as to reduce the number of 
frequencies carrying radiotelecnone cails. 
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REUSE GROUPS FOR SCAN MONITORING IN DIGITAL CELLULAR SYSTEMS 



Field of the Invention 

The present invention relates generally to radio 
communication systems, and. more particularly, to 
digital cellular communication systems and a tech- 
rircue for imorcving the channel usage efficiency in 
such systems curing the prccess of assigning 
■iramsis and ^errcrmmg "hancoffs", i.e., transfer- 
ring a racicteiecncne call from a voice enamel 
within one coverage area to a voice channel within 
an adjacent coverage area. 



Background 

In conventional analog cellular communication 
systems, a plurality of base sites are used to 
provide associated geographical coverage areas 
within which radiotelephones communicate. Each 
base site is controlled by the system's central 
switch controller. When a radiotelephone call is to 
be handed-off from a communication channel at 
the host base site (the base site currently sustain- 
ing the call) to a communication channel at an 
adjacent base site, the system must determine 
which adjacent base site provides the best cov- 
erage area for the handoff. This is typically accom- 
plished by instructing the equipment at each adja- 
cent base site to monitor the channel used by the 
radiotelephone to be handed-off. Using scan re- 
ceivers to monitor the radiotelephone channels, the 
eauipment at each adjacent base site reports the 
signal strength of the radiotelephone's signal to the 
system's switch controller. The switch controller 
then compares the strongest reported signal 
strength with the signal strength from the radiotele- 
phone at the host base site. When the latter falls 
beiow that of the former, the radiotelephone is 
instructed to reconfigure its transceiver to effect the 
handoff. 

In a time division multiplex access (TDMA) 
ceilular communication system, there are typically 
a plurality of radio frequencies employed at each 
base site to provide the appropriate allocation of 
voice communication channels for the base site's 
associated coverage area. Each frequency is time 
partitioned into several time slots, each of which 
may carry racioteiephone communication. 

When a racioteiephone call is to be handed-off 
between coverage areas in a TDMA celutar com- 
munication system, the system also determines to 
which base site the call should be handed-off by 
the adjacent base sites monitoring the channel 
jsed by the radiotelephone. However, because 
eacn frequency may ce carrying a radioteiepnone 



communication, the base sites' scan receivers can 
become excessively busy monitoring each time 
slot in each frequency for each radiotelephone's 
signal strength. 

s This problem is aggravated when each base 

site includes only a few scan receivers which are 
time shared to monitor the frequencies. Per each 
frequency on wrich at least one radiotelephone is a 
handoff cancicate, the scan receiver must adjust its 

w oscillator to that frequency and receive the informa- 
tion transmitted thereon. Such oscillator adjustment 
introduces a significant delay which is inherent in 
most every receiver. As the number of potential 
handoff candidates increases, this inherent delay 

75 can become unacceptable. 

Accordingly, a scan receiver monitoring tech- 
nique for such base sites in a TDMA cellular com- 
munication system is needed which overcomes the 
above described deficiencies. 

20 

Objects of the Present Invention 

It is a general object of the present invention to 
25 provide a TDMA cellular communication system 
which overcomes the above described shortcom- 
ings. 

It is a more particular object of the present 
invention to provide a ceilular communication sys- 

30 tern which increases the usage efficiency of scan 
receivers in such systems by assigning radiotele- 
phone calls to time partitions of the cell sites in a 
frequency prioritized manner such that radiotele- 
phone calls are concentrated within each frequency 

35 so as to reduce the number of frequencies carrying 
radiotelephone calls. 

An additional object of the present invention 
includes increasing the usage efficiency of scan 
receivers in a radiotelephone frequency hopping 

^0 TDMA cellular system by assigning radiotelephone 
calls to time partitions of the cell sites's frequen- 
cies in a frequency prioritized manner and by mea- 
suring racioteiephone call signals by the scan re- 
ceiver in a delayed manner such that the amount of 

-s frequency programing to each scan receiver is 
minimized. 



Brief Description of the Orawings 

50 

The features of the present invention which are 
believed to be novel are set forth with particularity 
in the aogended c:aims. The invention, together 
with further objects and advantages thereof, may 
cest ce uncerstood by maxing reference to the 
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•-;icwiro cescncticn taken togetner with the ac- 
-cmcanyir.g drawings, in which reference numerals 
centify the elements, and wnerein: 

Fig. la ;s a diagram of a cellular commu- 
nication system inducing two base sites and their 
rescective equipment, according to the present in- 
vention: 

Fig. 1b is an expanded diagram of the base 
site equioment 115 or 119 of Fig. 1a., according to 
the ere* sent invention; 

F : g. 2 is diagram illustrating a freauency 
assjcrmeru -z-r the scan receiver 146 cr 148 cf rig. 
vc. accord r.g to the present invention; 

Rg. 3 is a flowchart illustrating a frequency 
assignment for the scan receiver 146 or 148 of Fig. 
lb. according to the present invention; 

Fig. 4 is a flowchart illustrating a switch 
controller technique for executing time slot and 
frequency assignments for the scan receiver 146 or 
i-i8 of Rg. lb, according to the present invention; 
and 

Fig. 5 is a flowchart illustrating an alternative 
frequency assignment for the scan receiver 146 or 
1-18 cf Fig. ;o. according to the present invention. 



Cetailed Description of the Preferred Embodiment 

The arrangement disclosed in this specification 
has particular use for handing-off radiotelephone 
cans between ceils in a TDMA cellular telephone 
infrastructure. More particularly, the arrangement 
cisc:csea herein is directea to improving the usage 
efficiency of scan receivers with respect to channel 
assignments in such systems for call initiations and 
handoffs. 

Fig. ia illustrates a novel cellular system which 
includes base site equipment 1 1 5 and 119 for two 
geogracnic radio frequency (RF) coverage areas 
(ceilsi n.O and 112, respectively. For cell 110. the 
base s;:e equipment 115 includes a set of base 
transceivers 114 and a base site (1) controller 116. 
For ceil 112. the base site equipment 119 includes 
a set of base transceivers 118 and a base site (2) 
controller 120 with substantially identical circuitry 
as the case site ecuipment 115. 

Fcr curposes of exemplifying a handcrf opera- 
tion seccrcing to tne present invention, a radiotele- 
phone '-nit 130 is depicted in transition from ceil 
1 10 to cs:l n2. 

Overall control of the base site equipment 1 15 
ana S19 s orovicec cy a signal processing unit 
; 21 zt a r^iuiar switcn controller 122. The switch 
contrdier i22 atso deuces a ctcital switching net- 
work 123 *cr controlling ;r,e can switching ccerazicn 
between a public swucneo teieohone r.etworK 
iPSTN> 1 3 1 ana :r.e case sue eouipment 115 ana 



119. A set of pulse code modulation (PCM) con- 
verters 125 are included in the cellular switch con- 
troller 122 for interfacing the system to the PSTN 
131. For general details of a conventional cellular 

s system, reference may be made to "Cellular Voice 
and Data Radiotelephone System", Labedz et. ai.. 
U.S. patent no. 4,654.367. For further details of a 
conventional cellular switch controller, reference 
may be made to U.S. Pat. No. 4.268,722. Little et 

io al. Both of the above U.S. patents are assigned to 
the same asignee and incorporated herein by refer- 
ence. 

in Fig. 1b. the base site equipment n 5 cr i :9 
is shown in expanded form. The radio portion of 
75 the base site equipment is conventional. It includes 
a set of transmit antennas 132, .a set of receive 
antennas 134. a transmitter- combiner I36 f a re- 
ceiver interface equipment 138. a transceiver 140 
and audio paths 141 directed to/from the switch 
20 controller 122 of Fig. 1a. Transceiver functions 
such as frequency programming, transmit keying, 
transmit power control, alarm and status .monitor- 
ing, and message passing are controlled by a 
microcomputer 142 through a microcomputer inter- 
25 face 144. A conventional scan receiver 146 or 148 
monitors the signal strength of radiotelephone 
transmissions in adjacent ceils and provides an 
output 150 which is used by the microcomputer 
142 to determine when radiotelephones in such 
30 aajacent cells are handcrf candidates. Measuring 
raciotelephone signal strength with scan receivers 
ts typical in most analog cellular systems. For 
example, in U.S. Pat. No. 4,485.486. Webb et al.. a 
scan receiver implementation for such a system is 
25 cescribed. For further details of conventional base 
site equipment, reference may be made to U.S. 
Pat. No. 4.485.486. Both of the above referenced 
U.S. patents are assigned to the same assignee 
and incorporated herein by reference. 

According to the present invention, the micro- 
computer 142 also controls the scan receivers 1-6 
and 148. The particular method of control, which is 
unique to the present invention, is discussed in 
more oetail with Figs. 2.3 and 4. An analog to 
-5 digital converter (ADC) 152 is used to convert the 
outputs 150 provided by the scan receivers 146 
anc 143 to digital form fcr analysis by the micro- 
computer 142. 

Each scan receiver 146 or 148 generates an 
50 acditicnal (audio) output 154 which is used by a 
creamcie detector 156 or 153 to detect the begin- 
ning of a radiotelepncne transmission. In a TDMA 
regular communication system, the ractoteie- 
crcnes are typicady synchronized with the base 
55 site ecuicrr.ent at each of the ceil sites. A raciotese- 
cr.cne transmits ana receives messages by acces- 
sing, i Mneslot -f a particular freauency. as is- 
~icr.ee oy '.he base sue ecuipment. Each message. 
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received cr transmitted, begins with a-preamble 
consisting of a predetermined signal pattern. For 
more detail, reference may be made to "A Digital 
FD/TDMA System for a New Generation", pages 
41-46 of "Primer for the Future ... DIGITAL TECH- 
NOLOGY". L.M. Ericsson Telephone Company, 
June. 1987. The preamble detector 156 or 158 
rr.ay implemented using a conventional multi-bit 
digital ccmoarator circuit. 

Acccrcir.giy, the preamble detector 156 cr 153 
detects the prc-amble of each radictelechone mes- 
- — ^ received oy the respective scan receiver 1-^6 
or i-8. After each such detection, the preamcie 
detector 156 or 158 informs the microcomputer 
142. via the microcomputer interface 144. so that 
the microcomputer knows when the signal strength 
should be measured from the received data at the 
outputs 150 of the scan receivers. Measurements 
performed by the microcomputer 142 are stored in 
a database in a memory circuit 143. 

The micrccomputer 142 operation for the scan 
receiver 146 or 148 is illustrated in Fig. 2 and in 
the corresponding flowchart of Figure 3. The il- 
lustrations in Figs. 2 and 3 particularly involve the 
operation of a TDMA cellular communication sys- 
tem in which radiotelephone frequency hopping is 
employed, i.e.. where radiotelephones communi- 
cate on the system in a designated time slot while 
rotating between a predetermined group of fre- 
quencies. Such a system is described in more 
cetail in **A (Digital FD/TDMA System for a New 
Generation", supra. 

The flowchart of Fig. 3 begins at block 3 10 
where the microcomputer establishes the frequen- 
cy hopping patterns and groups for radiotelephone 
communiction within the associated coverage area. 
Fig. 2 illustrates an example of a system frequency 
hccping group assignment, according to the 
present invention, for N groups in which M fre- 
quencies per hopping pattern (group) are em- 
ployed- Each employed frequency includes 8 time 
slots (T: -T 5 ). In this example, the 8 time slots (T- 
- T 3 ) establish a set which is equal to 1 frame. 
There are a total of (N x M) frequencies used. A 
solid line 21 0. which rotates through each fre- 
quency in each group from left to right and top to 
bottom is decicted to represent the flow of the 
scan receiver tr.rcugh each time slot and each 
frecuency. Mathematically, the scan receiver as- 
signment changes from frequency f*y to frequency 
f„., y -vith X cetng reinitialized to 1 after the Mth 
frecuency. A series of vertical dotted lines 220. are 
reacted to illustrate the frequency transition for a 
hccoir.g racictelechcne in a particular time slot of a 
•^rcuo Curing communication. 

Frcm block 3i0. flow proceeds to block 312 
where the frecuency of the scan receiver is set to 
trie first frecuency cf group i <f- • of Fig. 2). 



At block 314, a software timer (internal to the 
microcomputer 144 of Fig. 1b) is set to begin 
timing a time interval equal to the time required to 
receive 1 frame of data. This timer is used to limit 
s the length of time that the scan receiver will remain 
on any given frequency to receive data in a des- 
ignated frame. 

At block 316, tests are repeatedly performed to 
determine if either the timer has timed out or if the 
ro ©reestablished preamble has been cetected in the 
received signal. As previously discussed, each 
racictetechcne transmission is creceoed by a pre- 
determined data pattern defining the preamcie. 
However, although a transmission will be expected, 
;s there may not be a transmission to every time slot 
of a given frame. 

If the preamble is detected before the timer 
times out, flow proceeds to block 318. At block 
318. because the preamble has been detected, the 
20 microcomputer presumes that a valid . radiotele- 
phone transmission has been received. The quality 
of the data following the preamble is tested for 
signal strength and signal ."integrity" (i.e.. the data 
legibility or data bit error ratio) using conventional 
25 digital analysis methods. In addition, the microcom- 
puter examines the data to determine the base 
station's unique identification code (to identify the 
radiotelephone's site), and determines in which 
time slot the transmission was made. The particular 
jo time slot can be determined from the local base 
equipment reference timing if the system has syn- 
chronized base stations. 

If the system does not have synchronized base 
stations, the time slot can be determined by ex- 
js tracting time slot information from the received 
message. E.g.. the radiotelephone's unique iden- 
tification (ID) code can be extracted from the pre- 
amble and passed to the microcomputer which can 
then identify the time slot using a conventional 
memory look-up technique with the ID code as the 
address. 

Frcm block 318. flow proceeds to block 320 
where the microcomputer's data base is updated to 
inaicate the presence of a radiotelephone transmis- 

-s sion in the detected time slot, and the measure- 
ments for that transmission are stored accordingly. 
From clock 320. flow returns to block 31 6 so that a 
transmission in the next time slot can be detected, 
if the preamble is not cetected before the timer 

to times cut. flow proceeds from block 316 to block 
322 where a test is performed to determine if the 
scan receiver has just finished receiving cata in the 
frame of the ?ast grouo. In Fig. 2. this test is 
satisfied after the scan receiver receives data frcm 

s 5 the eighth time slot of the Nth group. 

if the scan receiver has not finished receiving 
data 'rorn the frame of the last group, flow pro- 
ceeds rrcm clock 322 to block 324 .vhere the scan 
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receiver c assigned to the frequency zi the next 
croup. "~ " t- this is a horizontal move aiong the 
sc:ic line : r:m -he left to the ngnt. From 'clock 324, 
;!cw returns to block 314 so that the scan receiver 
can teem receiving data for a new frame. 

if the scan receiver has finished receiving data 
for the frame of the last grouo. flow proceeds from 
block 322 to block 328 where a test is performed 
to determine if the scan receiver has completed 
recr.virg :a:a from the frame of the last rrcup. In 
Fg. 2. tnis test wouid comprise a ce:erm;r.aticn as 
: - :.- -.Qt the frecuercy ceir.c — entcrec is 

*\vt- .f tr.e sii.i receiver .s net rncnitcr.rg frequency 
f.. M at this cc;nt, flow proceeds to bicck 330 where 
the scan receiver is assigned to the next frequency 
of the first croup. If the frequency is equal to f*M at 
this point, flow returns to block 31 2 where the 
entire process is reinitiated from the first frequecy 
of the first croup. 

As this process continues, the microcomputer's 
cata base, as indicated at block 320. is continu- 
ously upaatea. Because the data base is being 
updated with measurements of signal quality and 
strer.gtn for any radiotelephone's transmission from 
an aajacent ceil, the switch controller (Fig. la) is 
provided access with an up-to-date status of a 
rac:cte:ephcr.e's potential to be hanced-orr to the 
asscciatea ceil site. 

This status information can be used in a con- 
ventional rancoff process such as the ones ce- 
scrscec .n U.S. Pat. Nos. 4.485. 486 iV/ebb st at.). 
-i.654.857 ■.Laceoz) and 4.5S6.027 »Scnta et an. 
eacr assigned to the same assignee and inccr- 
cor v.eo rerein by reference, it shcuic be pointed 
rut. however, -hat because this information is im- 
meciateiy available to the switch controller, the 
switch controller does not have to request the base 
s;te equipment at adjacent ceils to first perform the 
reautstte monitoring for each handoff canaicate 
raoicteiephone. The switch controller merely que- 
ries the ac;acent cell site equipment to provide the 
^formation already stored in the catabase. Alter- 
natively, the adjacent ceil site equipment can ccn- 
tinuaiiy crevice this accumulated signal information 
to the switcn controller to alleviate the extra step of 
raving trse switch controller first maxe the request. 
■Jsirg either implementation, this crevices a signifi- 
cant scvantace over known system scan mcnitcr- 
r.g :ecr. n.icues because it sucstar.tiaily recuces tr.e 
t.me ctr.erwise necessary to ceiermme where ana 
.vnen :z ma:<e a handoff. 

-nether aspect c-r the present invention ;n- 
. c. 1 . es *ne *r=nner In .vmcn ;cmrrur;caticn fre- 
ruerc-rS channels) are as£;rr.ea at ?ach zi the 
:e:i s::es. -s ndicatec prev;c:-s:y. eacn v.rr.e a 
s:ar. 'Tt^.cf s nssigr.ea a rsw vecuency. an 
merer t ;e;ay cccurs c etc re tr.e scan receiver can 
actuaic; e -.ve :ata :n :r.e r.s.v -'-ecuency. :n a 



frequency hopping TDMA celluiar system, a signifi- 
cant amount of data can be missed by a scan 
receiver if this delay becomes excessive. 

To overcome this problem, the present inven- 
5 tion employs a novel radiotelephone time 
slot/frequency assignment. Referring to Fig. 2. this 
assignment involves selecting an open time slot 
from a group frame such that the group frames are 
filled one frame at a time, and that each group is 
ro filled before another group is filled. 

For example, presume that at a canicular time 
the case site :arcetted : zr a handoff incuces r.vo 
designated groups (Gl and G2), and four ccr- 
responding frequencies (F11, F12. F21. F22). Fur- 
;s ther, at a given point in time presume that in the 
group frame F: i , radiotelephone calls are active in 
frames 1 , 3, 5. 6. 7 and 8; in the group frame F^ 2 
radiotelephone calls are active in frames 1. 2. and 
3; and in the group frames F 2t and F22. there are 
20 no active radiotelephone calls. According to the 
present invention, the first open time slot in this 
given frequency assignment (for a radioteiephone 
candidate or for a radiotelephone call initiation) is 
the second time slot of the group frame cestgnated 
25 Fn, Thus, the second time slot of the group frame 
designated F; 1 will be chosen. 

The next radiotelephone call assignment at this 
site wiil be (presuming the same active calls as 
described earlier) the fourth time slot of the group 
30 frame designated Ft « . Once the entire frame F« ? 
contains active calls, time slots from frame F 2 will 
be chosen from left to right, and then time sicts 
from F : . and then f 22 . 

As radiotelephone calls are dropped or hanced 
j$ off to acjacent cell sites, time slots from the group 
frames (F11. F12. F21, F22). will become free to 
enable additional radiotelephone call time slot as- 
signments in a similar madder. 

Additionally, the present invention provides a 
40 method of minimizing the amount of data passed 
between the base sites, while, at the same time, 
allowing each base site to more effectively scan 
the active communication frequencies cf a particu- 
lar group. As each new group (comprising at 'east 
one time partitioned frame) is established for com- 
munication use at each base site, a message is 
passed to the acjacent cell sites to inform them 
that the new group sncuid be scan monitored. This 
adows the system to monitor active cails, or those 
so cails about to become active, without recuiring that 
ail f recuencies be scanned and without recumng 
instructions for scan monitoring to the acjacent ceil 
sues each time a new active call is estabtisned. 
Similarly, as croups ceccme unused <iqie) a smg;e 
55 — eesage .s communicated to the acjacent base 
s tes to stop scanning the unused grouo. 

in r!g. 4. a flow cnart illustrates an example of 
switcn controller (Fig. la) oirectmg a hanccrr 
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from site 1 to site 2 (referring to Fig. 1a). according 
io the present invention and consistent with the 
previous examples. The flow chart begins at block 
410 where a test is performed to determine if there 
is a handoff candidate present at the site 1. If there 
is not a hanaoff candidate present, the procedure 
ends and similar tests are performed at another 
site. 

If a handoff candidate is present at site 1. flow 
-rcceecs frcm clock 410 to block 420 where the 
s*.vitcn ccnt.-ciier reGuests -he relevent cata base 
s^nai measurement information for the racicteie- 
pncne :rcm the cell site that is adjacent the host 
cell site (site 2). As discussed previously (with 
blocks 318 and 320 of Fig. 3), each adjacent cell 
site can instantaneous provide a report to the 
switch controller on the radiotelephones commu- 
nicating in adjacent cell sites. Thus, the switch 
controller informs site 2 of the frequency and time 
slot in which the radiotelephone handoff candidate 
is communicating (or alternatively informs site 2 of 
the radiotelephone's identification number depend- 
ing on site 2's data base methodology). 

Using the reports from each of the adjacent 
cell sites (site 2). at block 430 the switch controller 
determines the best cell site in which the radiotele- 
phone handoff candidate should communicate next. 

At block 440, the switch controller determines 
the first open time slot and frequency at the target 
site for the hanccff assignment. As previously dis- 
cussed, this entails filling each group frame one 
frame at a time, one group at a time so that the 
scan receiver wiil not be excessively burdened with 
changing freauencies to monitor an entire group 
frame serving merely one or two active cails. 

At block 450. the switch controller informs the 
base site ecuipment of the assignment to effect the 
handoff at the target cell site. 

Alternatively, since all time slot and frequency 
information is present at each cell site, the cell site 
can perform the determination indicated at block 
440 and inform the switch controller of the first 
open time slot and frequency. 

In yet another aspect of the present invention, 
usage efficiency of the scan receiver can be im- 
proved by slightly modifying the steps illustrated in 
Fig. 3 to delay the scan receiver within each group 
for M frames before the scan receiver moves to the 
next grouo. F ; gure 5 is illustrative. 

In Fig. 5. the flow chart of Fig. 3 is shown in 
modified form to include four additional steps, de- 
picted as blocks 5 13. 517. 519 and 521. Once 
again, the flew of the steos depicted in Fig. 5 will 
be iilustrateo using Fig. 2. Once the frequency 
hccomg patterns for all groups has been estao- 
Hsned (blocK 31 0>. and the scan receiver is tuned 
:o the first frecuency (F--j of grouo i (block 513). 
a rcuntmg ;ar:acie "COUNT" is set eaual to M. 



where M is the number of frequencies in each 
group. 

From block 513 flow proceeds to block 314 
where the the timer is initiated, and the test to 
5 determine if the timer has expired or a preamble 
has been detected follows at block 316. 

if the preamble is detected, flow proceeds 
through block 318 and block 320 to update the 
data base with the corresponding signal measure- 
io ments. 

When the timer expires, flow orcceeds frcm 
block 31 6 to biock 417 where COUNT is ce- 
crememed. 

At block 519. a test is performed to determine 
75 if COUNT has been decremented to zero. If 
COUNT has not been decremented to zero, flow 
proceeds the block 519 to block 521 where the 
microcomputer reinitilizes the timer so that the 
scan receiver will continue to receive another eight 
20 time slots from the frame of the present frequency. 
This loop, established at blocks 316, 517, 519 ad 
521. cycles M times. For example, if M equals 3, 
the scan receiver will remain at the same fre- 
quency (F: :) until it receives three frames. 
25 Once the COUNT variable has been decremen- 

ted to zero, flow proceeds from block 519 to block 
322 where the scan receiver frequency assignment 
continues as described with Fig. 3. 

Delaying the scan receiver such that it contin- 
ue? ues to receive a single frequency for more than 
one frame can provide a significant advantage in a 
frequency hopping TDMA system. Referring to 
group 1 of Fig. 2. presuming that M equals 3 and 
there are eight active calls in Fm. F: 2 and Fi. 
35 then after receiving three frames at frequency Ft i . 
the scan receiver will have received transmissions 
from a total of 24 mobiles without having to incur a 
single delay. This is because its frequency was 
never changed. In this manner, the scan receiver 
-io receives M frames of data at Ft i . then M frames of 
data at F2?, then M frames of data at F 3: , and then 
returns to group 1 to receive M frames of data at 
F:2. then M frames of data at F22. etc. 

The scan receiver preferably rotates between 
-5 frequencies of each group, rather than always mon- 
itoring the same group frequency in the rotation, so 
that more accurate signal measurements can be 
made without introducing problems such as fading 
at a single frequency. For example, a radiotele- 
50 phone call which is active in time slot 1 of group 1 
will have its transmitted signal measured three 
times in freauency 11. then three times in fre- 
quency 12 then three times in frequency 13 before 
the scan receiver returns to frequency 1 1 for acci- 
55 tional measurements. 

It snouid be pointed out that where M is large, 
as the scan receiver moves from one frequency 
hopping grouo to another (for example, frcm ;rcuo 
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\o grcuo 2>. a substantial number of signal mea- 
— aments :rom active calls will be missea. In cer- 
sm situations, this number may become unaccep- 
=c;e to overall system operation. For this type of 
Situation, a second scan receiver, as illustrated in 
= !g. 1b. is employed to reduce this problem by a 
actor of 50%. The second scan receiver can be 
controlled in a manner identical to that depicted in 
F : g. 5, exceot that its individual frequency assicn- 
t*. rnts fc- ic-.s the first scan receiver's individual 
■rrruency assignments by a time lag equal to er.e- 
;-a:f cf ire :;rr.e it takes for a single scan receiver to 
cycle thrcugh each frequency, i.e. to flow from F ;!l 
= ;ong the solid line 210 of Fig. 2 thrcugh F MM . 
Additional scan receivers can be included to further 
reduce this problem. 

It will be understood by those skilled in the art 
that various modifications and changes may be 
mace to the present invention without departing 
from the spirit and scope thereof. 



Claims 

1. A time-division-muitipiex-across (TDMA) 
radiotelephone cellular communication system hav- 
ing base site equipment at at least one site with an 
associated radiotelephone communication coverage 
area and having a switch controller for connecting 
racictelepnone communication, and wherein the 
case site ecuipment employs a plurality of fre- 
ouencies which are used for radiotelephone com- 
munication tn a time partitioned manner, ccmpris- 
.ng 

monitoring means coupled with the base site 
equipment for monitoring a signal quality param- 
eter of at east one radiotelephone call on the 
system, ano characterized by: 

processing means for maintaining a record of 
which frequencies and which time partitions at the 
base site equipment are having utilized for 
raaiotelephcne communication; and 
assigning means, responsive to said processing 
means and said monitoring means, for assigning 
raciotelephone calls to time partitions of the base 
site equipment frequencies based on a frequency 
criontizat;cn technique that reduces the numcer of 
frecuences carrying raaiotelephcne cails. 

2. A TDMA radioteiepncne ceiiuiar communica- 
tion system, according to claim l. wherein the 
monitoring means induces means for monitoring 
the signal strength of said at least cne raciotele- 
chcne cail cn the system. 

3. A TDMA racioteleoncne ceiiuiar communica- 
tion svstem. according to -iaim t. wherein me 
monitoring means incuces means for monitoring 
the Sicnii integrity of said at east cne 'aaotete- 
phcne ;a i on ;r.e system. 



4. A time-divtsicn-multiplex-access (TDMA) 
radiotelephone cellular communication system hav- 
ing at least first base site equipment ano second 
base site equipment with associated radiotelephone 

s communication coverage areas, wherein each base 
site equipment employs a plurality of frequencies 
which are used for radiotelephone communication 
in time partitioned frames, and wherein the system 
has identified a radiotelephone handoff cancidate 

:c within the coverage area of the first base site 
equipment, characterised by: 

monitoring means included with the seccrc case 
site equipment for monitoring frequencies from the 
first base site equipment to obtain signal quality 
:s parameters of radiotelephone calls, including the 
radiotelephone handoff candidate, active in the first 
base site equipment's coverage area; 
processing means for maintaining a record of 
which frequencies and which time partitions at the 
20 second base site equipment are being utilized for 
radiotelephone communication; and 
assigning means, responsive to said processing 
means and said monitoring means, for effecting a 
handoff to the coverage area of the second base 
25 site equipment by assigning the radiotelephone 
handoff candidate to a time partition in one of the 
second base site equipment frequencies based on 
a frequency prioritization technique that concen- 
trates radiotelephone calls within each frequency to 
30 ' reduce the number of frequencies which carry 
radiotelephone calls. 

5. A switch controller for use in a time-civision- 
muiiipiex-access (TDMA) radiotelephone ceiiuiar 
communication system having a p:uraiity cf ceil 
3S sites including a first cell site, wherein each cell 
site has associated base site ecuioment ana cor- 
responding radioteieohone communication cover- 
age areas and each ceil site employs 2 plurality cf 
frequencies which are used for radioteiecnone 
jo communication in a time partitioned manner, com- 
prising: 

a) coupling means for communicating .vuh 
the base site equipment at each of the ceil sites: 

b) determination means for cetermimng mat 
-:s there is a radiotelephone handoff canaicate present 

:n the first cell site coverage area; 

c) means, resccnsive to said ester— ration 
means, for choosing a target ceil site ; cr the 
radiotelephone at a ceil site which is acjaca: :o tne 

50 first ceil site: and characterised by: 

c) means for selecting a frecuency arc ::me 
slot from the target cell sue casec cn a fluency 
prioritization technicue that concentrates r^cteie- 
=5 phone cails within eacn frecuency :o rec-ce the 
number of frequencies which carry raacte -crone 
calls: ana 
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e) means for assigning the selected frequen- 
cy and time slot to effect the handoff at the target 
ceil site. 

5) A switch controller, according to claim 5. 
wherein said selecting means includes means for 
selecting a first group of frequencies which is con- 
sidered for radiotelephone call assignments before 
ether frequencies are considered for such assign- 

7. A switch controller, accorcing to c:aim 3. 
.-.-rerein sa.d selecting means further induces 
means for selecting a second group of frequencies 
wich is considered for radiotelephone call assign- 
ments if the first group of frequencies cannot carry 
another radiotelephone call. 

3. A base site controller for use in a time- 
civision-muitiplex-access (TDMA) cellular radiotele- 
phone communication system having a plurality of 
cell sites including a first cell site, wherein each 
ceil site has associated base site equipment and 
corresponding radiotelephone communication cov- 
erage areas and each cell site employs a plurality 
of frequencies which are used for radiotelephone 
communication in time partitioned frames, said 
base site controller at each cell site characterised 
by: 

monitoring means coupled with the base site 
equipment for monitoring frequencies to obtain sig- 
nal quality parameters of radiotelephone commu- 
nications active on the system: 
processing means for maintaining a record of 
which frequencies and which time partitions at the 
base site equipment are being utilized for radiotele- 
phone communication: and . 
means, responsive to said processing means and 
;o said monitoring means, for assigning radiotele- 
phone calls to time partitions of the base site 
equipment frequencies based on a frequency 
prioritization technique that reduces the number of 
frequencies carrying radiotelephone calls. 

9. A base site controller for use m a radiotele- 
phone frequency-hopping time-division-muitiplex- 
access (TDMA) cellular radiotelephone communica- 
tion system having a plurality of cell sites including 
a first cell site, wherein each cell site has asso- 
ciated base site equipment and corresponding 
racictelephone communication coverage areas and 
each cell site employs a plurality of frequencies 
wr.ich are used for radiotelephone communication 
in rime partitioned frames, said base site controller 
at each cell site characterised by: 
monitoring means coupled with the case site 
ecuioment for monitoring a signal cuaiity param- 
eter of radioteiepnone communications m aajacent 
:eH sites: 

means for storing recoras of which time partitions 
arc ; recuerc:es are carrying raaicteieoncne com- 



munications: and 

processing means, responsive to said means for 
storing and coupled with said monitoring means, 
for programming said monitoring means to monitor 
5 selected communication frequencies in adjacent 
ceil sites such that said monitoring means continu- 
ously monitors one of said selected frequencies for 
a plurality of time partitioned frames. 

10. A base site controller for use in a radioteie- 
iq phone freauency-hopoing time-civision-muitipiex- 

access (TDMA) cellular radicteiechcne communica- 
tion system having a plurality of ceil sites inc!uc:."g 
a first ceil site, wnerein each ceil site has asso- 
ciated base site equipment and corresponding 

15 radiotelephone communication coverage areas and 
each cell site employs a plurality of frequencies 
which are used for radiotelephone communication 
in time partitioned frames, said base site controller 
at each cell site characterised by: 

20 monitoring means coupled with the base site 
equipment for monitoring a signal quality param- 
eter of radiotelephone calls active on the system: 
processing means, coupled with said monitoring 
means, and including; 

25 means for programming said monitoring means to 
monitor selected frequencies used for carrying 
frequency-hopping radiotelephone calls in adjacent 
cell sites such that said monitoring means continu- 
ously measures said selected frequencies for a 

oo plurality of time partitioned frames, and 

means for assigning radiotelephone calls to time 
partitioned frames of the base site equipment fre- 
quencies in a frequency prioritized manner such 
that radiotelephone calls are concentrated within 

35 each frequency so as to reduce the number of 
frequencies which carry radiotelephone calls. 

11. A time-division-multiplex-access (TDMA) 
radiotelephone celluiar communication system hav- 
ing base site equipment at at least one site with an 

^0 associated radiotelephone communication coverage 
area and having a switch controller for connecting 
radiotelephone communication, and wherein the 
base site equipment employs a plurality of fre- 
quencies which are used for radiotelephone com- 

-:s munication in a time partitioned manner, charac- 
terised by: 

monitoring means couoied with the base Site 
eauipment for monitoring a signal quality param- 
eter of at least one raciotelephone call on ir.e 

so system: 

processing means fcr maintaining a caccr^ of 
which frecuencies and which time partitions at the 
base site ecuicment are being utilized for radiotele- 
phone communication: 

55 means, resconsive to said processing means and 
saia monitoring means, for instructing case sue 
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equicrr.f nt :o begin monitoring frequencies as ;rtey 
become jseC for radiotelephone cans. 
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© An improved TDMA radiotelephone cellular com- 
munication system (122, 115. 199) employs an im- 
proved cell s;te scan monitoring technique. The 
technique includes monitoring radiotelephone calls, 
and tracking and recording their signal qualities. The 
records are used to maintain and determine which 
frequencies and which time partitions at the base 
site equipment (115, 119) -are being utilized for 



radiotelephone communication. When a new call as- 
signment is required at a cell site (115 or 1 19), it is 
assigned to a time partition of a base site equipment 
frequency in a frequency prioritized manner such 
that radiotelephone calls are concentrated within 
each frequency so as to reduce the number of 
frequencies carrying radiotelephone calls. 
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